Topological semimetals (TSMs) are defined as the systems whose valence and conduction bands cross each other. In Dirac and Weyl semimetals, the crossing of two doubly-or singly-degenerate bands forms 4-or 2-fold degenerate nodal points. Such Dirac and Weyl semimetals have been theoretically predicted [1] [2] [3] [4] [5] [6] and experimentally confirmed [7] [8] [9] [10] [11] [12] . Recently, band theory has predicted 3-, 6-and 8-fold degenerate nodal points [13] [14] [15] [16] [17] , where the quasiparticles have no counterparts in high-energy physics, and the 3-fold degenerated points have been confirmed experimentally very recently [18, 19] . By contrast, the band crossings in topological nodal-line semimetals (TNLSMs) extend along 1D line in the Brillouin zone (BZ).
The TNLSM state is a versatile ground for other topological quantum states. Breaking certain symmetry can drive it to topological insulator, Weyl semimetal, or Dirac semimetal [20] . In contrast to the discrete nodal points, nodal lines have much richer topological configurations and they can constitute nodal chain, nodal link, or nodal knot [21] [22] [23] [24] [25] .
So far, band structure calculations have predicted numerous TNLSM candidates, in which the nodal lines are protected by various symmetries [20, [26] [27] [28] . Among them, PbTaSe 2 , CaAgAs, and the WHM family, which represents a large number of materials with W = Zr, Hf, or La; H = Si, Ge, Sn, or Sb; M = O, S, Se, Te [29] , have been studied by angle-resolved photoemission spectroscopy (ARPES) [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . The measured samples of CaAgAs suffer from serious hole doping so that the proposed nodal line lies far above the chemical potential and thus cannot be observed by ARPES [37] [38] [39] . For PbTaSe 2 , the bulk states are seriously interfered by surface states, causing difficulty to identify the bulk nodal lines [36] . The WHM materials, especially ZrSiS, have also been intensively studied by ARPES with vacuum ultraviolet (VUV) light. However, the VUV ARPES mainly probes the electronic states on the surface [30] [31] [32] [33] [34] [35] , which tremendously hinders exploring the intrinsic bulk electronic states.
In this work, we use bulk-sensitive soft X-ray ARPES to investigate the electronic structure of ZrSiS, the most intensively studied TNLSM candidate. Torr and measured at 20 K. First-principles calculations based on density functional theory (DFT) [41] were performed within the Perdew-Burke-Ernzerhof (PBE) exchange-correlation [42] implementing in the Vienna ab initio simulation package (VASP) [43] . monolayers. For the monolayer the nonsymmorphic symmetries lead to unavoidable band crossings from the BZ center Γ to the BZ boundary [29] . The band crossings are protected by the glide mirror symmetry M z , forming a nodal ring enclosing Γ.
Owing to weak interlayer coupling, the electronic structure of bulk ZrSiS is quasi-2D.
The band crossings are still present on arbitrary k x -k y planes of the 3D BZ, but they are protected only on the horizontal and vertical high-symmetry planes, constituting 3D net in the BZ, as illustrated in Fig. 1(b) . On the other hand, the glide and screw symmetries protect the band degeneracy at X and M points in the 2D BZ of monolayer. In the 3D case, the protected symmetries are preserved on the high-symmetry lines X-R and M-A, forming the extended nodal lines along them [31, 34] . The latter is stable even in the presence of SOC, whereas the former is gapped when SOC is included, driving it to a weak topological insulator phase [29] .
However, the gaps are negligible, e.g. 10-20 meV in ZrSiS [31] [32] [33] [34] , because of little hybridization between the Zr 4d and Si 3p orbitals at the band crossings [29] .
As mentioned above, the electronic structure of ZrSiS has been intensively studied by VUV ARPES [31] [32] [33] [34] . The dangling bonds of Zr 4d orbitals on the cleavage surface dramatically shift down the electron band at X , leading to appearance of the electron pocket in the surface states [30] .
To probe the intrinsic electronic structure of the nodal lines in the bulk states, we use soft X-ray to increase the mean free path of excited photoelectrons and therefore intrinsic definition of the out-of-plane electron momentum k z [44] . In Fig. 1(h) , the FS pattern recorded with soft X-ray exhibits a diamond-shaped ring on the k x -k y plane. Fig. 1(e) ]. The excellent consistency indicates that the soft X-ray ARPES can probe the bulk states of ZrSiS without any interference from surface states.
We then use soft X-ray ARPES to systematically investigate the electronic structure related to the nodal lines. As seen in Fig. 2(a) , the crossing point observed in Figs. 3(a) and 3(b) , which is in contrast to the non-dispersive feature along k z in previous VUV ARPES measurements [30, 32] . On the Γ-M-A-Z plane, the Dirac-like band crossing is close to E F [Figs. 3(i) and 3(k) ], leading to a tiny nodal-line FS in Fig. 3(e) . By contrast, on the Γ-X-R-Z plane, the band crossing at k z = π is obviously above E F [ Fig. 3(l) ], and thus the nodal-line FS on this plane exhibits a sizable area [ Fig. 3(f) ]. We summarize in Fig. 3(n properties in ZrSiS, including sharp topological phase transition, enhanced correlation effect, and magnetic breakdown [45, 46] , which were attributed to the remarkable nodal-line band structures. Further studies on ZrSiS are highly desired to discover unique quantum phenomena associated with the Dirac nodal-line fermions. 
